Land-use and land-use changes may overestimate the biofuel sustainability.
Introduction
Biofuels are getting significant attention worldwide due to depletion of fossil fuels and concerns regarding climate change (Popp et al., 2016; Khanna et al., 2010) . They are recognized for their potential role in reducing greenhouse gas (GHG) emissions and providing energy security (Fig. 1) . However, their sustainability is still under an intense debate due to different methodologies, biomass sources, land-use and land-use changes, fuel-blends, and end-use applications (Sims et al., 2010; Glenister and Nunes, 2011; Lankoski et al., 2011) . Biofuels exist in solid, liquid, and gas forms and are derived from different biomass sources such as perennial crops, sugarcane, and corn starch as well as agricultural and forestry residues and organic fraction of industrial and municipal wastes (Nizami and Ismail, 2013; . Liquid biofuels are used as transportation fuel and for electricity generation through turbines and engines Singh et al., 2012) . The gaseous biofuels are also used as transportation fuel and for electricity generation using specially-designed direct and indirect turbineequipped plants (Gnansounou et al., 2008a; Sadaf et al., 2016) . While, solid biofuels are used in power plants instead of coal as fuel briquettes or pellets (Singh et al., 2010a; Nizami et al., 2015a and b) .
Biofuels produced by exploiting fertile lands are criticized due to environmental, social, and economic issues (Sharma et al., 2012) . According to Mukherjee et al. (2011) , the issues of land-use and high food and animal feed prices are associated with biofuels that are produced using fertile lands. Moreover, negative impacts on forests and grasslands, loss of biodiversity due to large mono-cropped fields, water scarcity and pollution, and air quality degradation are often associated with such biofuels (Doornbosch and Steenblik, 2007; Fargione et al., 2008; Gnansounou et al., 2008b) . Therefore, biofuels produced from non-food biomass sources such as corn stover, cereal straw, sugar cane bagasses, perennial grasses, forestry and agricultural wastes, and municipal and industrial organic wastes are receiving preferences (Searchinger et al., 2008) . However, such biofuels are not yet produced at a commercial scale, but can influence GHG savings through land-use changes. For instance, biofuels from algae feedstock, if ever produced in an economically-viable manner, can potentially address most of the biofuels-related issues (Sander and Murthy, 2010; Singh et al., 2012) .
Biofuels can be beneficial by reducing GHG emissions to keep climate-change impacts within the limits societies could be able to cope with. However, the benefits of biofuels largely depend on the whole life cycle of biofuel production, as the environmental ranking of biofuels based on GHG savings and energy balances vary with measuring methods, system boundary, land-use and land-use changes, functional unit and allocation methods (Kauffman and Hayes, 2013) . All these variables and anticipation in results require comprehensive studies on biofuel production systems (Menichetti and Otto, 2009 ). Therefore, estimating GHG savings and energy balances of biofuels is not only critical from their sustainability point of view, but also is a challenging task (Singh et al., 2010b) . Various models or life cycle assessment (LCA) tools are used to explain the results of biofuel studies that are either policy oriented or related to the process or product design or operation (Hong et al., 2013) .
LCA is a cradle-to-grave analysis for the energy and environmental impacts of a product, process, or pathway. This is mandatory by the directive of EU (Directive 2009/28/EC) to employ the LCA method to reduce CO2 emissions by 35% until 2017, by 50% until 2018 and by 60% after 2018 (EC-Directive, 2009). The energy efficiency of a biofuel is presented as a ratio of the amount of energy obtained from the fuel to the amount of fossil fuel energy required in its production process (Davis et al., 2008) . While, the estimation of energy balances includes both the life cycle energy efficiency of biofuels and the savings from fossil fuels. According to , the inclusion of fossil fuel saving is critical with respect to the replacement efficiency of biofuels with fossil fuels.
The available scientific literature is mainly focused on bioethanol and biodiesel as being the most prominent biofuels. While, the other biofuel resources and systems are more or less ignored in terms of their sustainability (Singh et al., 2010b; Korres et al., 2011; Mukherjee et al., 2011; Sharma et al., 2012) . Moreover, there is a strong need to address the key challenges in estimating the GHG savings and energy balances of biofuels along with their possible solutions. Therefore, this review paper aims to examine the various biofuel production systems for their GHG savings and energy balances, relative to conventional fossil fuels. The key issues and future directions for LCA based biofuels studies, especially on estimating GHG savings and energy balances are highlighted. LCA is a well-known internationally recognized methodology to evaluate environmental performance of any processes, products or pathways along with their whole or partial life cycle (Gnansounou et al., 2008a) . The procedures for LCA are explained in ISO 14040-series (Fig.  2) . Numerous studies on the LCA of biofuels have been reported by various researchers with different scope, accuracy, consistency level, transparency, and framework. Scope and goal of LCA are the two important steps, on which system definition and system boundary depend. The goal may be based on an operation, design, or policy (Menichetti and Otto, 2009 ). In case of operation and design improvement, the definition of the system should be more comprehensive. While, a simple flowchart of biofuel pathways can describe the policy purpose ). In case of policy as an integral part of LCA framework, the boundary of the system should be adopted according to the purpose. For example, if bioethanol is compared using a well to tank (WtT) approach, LCA results have no impacts on fuel combustion in the engine. However, the situation will change, if the comparison is carried out for the same biofuel with various fossil fuels or their blends (Gnansounou et al., 2008a) .
Life cycle assessment (LCA) and biofuel studies
Carbon dioxide (CO2), water vapours, methane (CH4), sulphur hexafluoride, chlorofluorocarbons, nitrous oxide (N2O), hydrofluorocarbons, and perfluorocarbons are considered as major GHG contributors (Cherubini and Strømman, 2011) . However, for GHG savings of biofuel, only anthropogenic sources are considered (Nizami and Ismail, 2013) . Moreover, CO2, CH4, and N O are taken into account during LCAs, as their origin could 2 be either fossil or biogenic based (IPCC, 2011). Atmospheric life time (ALT) and its potential are the two factors based on which, GHG effect and global warming are described over a defined timescale. The reference for GHG is CO2, and 1 is its value for global warming potential (GWP) that is taken for all time periods, including anthropogenic and radiative forcing. CH4 has an ALT of 9 for 15 years and has a GWP of 84 When comparison is made for a biofuel with fossil fuel, it is critical to select the same applicable service. For instance, in case of mobility applications, researchers use 1 MJ of fuels compared (e.g., E5 and gasoline) as a functional unit or choose 1 kWh of brake power produced by the fuels compared as functional unit . Many studies concluded that E5 consumption in litres is different than the consumption of gasoline for the same service (e.g., for 100 km distance travelled). Therefore, less than 1 MJ of E5 is compared with 1 MJ of gasoline (Gnansounou et al., 2008a) . The biofuel process comparison is carried out with a certain base line or reference system in order to evaluate the GHG emission savings. For this purpose, most of the LCA based studies use fossil fuels like diesel or gasoline as a reference system. The different results of such studies are due to variations in GHG savings of biofuel co-products that are used to replace the existing fossil fuel products .
In LCA, different allocation methods such as physical and economical allocation are used to divide the environmental burden of a process or product when several functions reflect the same process. Therefore, allocation methods vary by mass (wet or dry), energy content, system expansion, economic value, and carbon content. The recommended allocation method of ISO 14040-series is system expansion, which is difficult to implement as results rely on the reference system (Singh et al., 2010a) . If the direct land-use changes especially the carbon storage, is missing in the consideration of previous carbon storage, it may overestimate the performance of a biofuel. The carbon storage is positive when feedstock is produced from a degraded soil (Gnansounou et al., 2008a) . There is a large difference between the data provided from existing database and the data obtained from a region, site, or country. Therefore, if the cost of supplementary information is affordable, then the default data should be used with precaution, otherwise data generalization should be avoided (Singh et al., 2010b) .
Various sensitivity analysis and scenarios are used to evaluate the sensitivity in LCA studies. Ecoinvent® or SimaPro® are the most used LCA tools for sensitivity analysis. Manual sensitivity analysis can also be carried out in some cases, when results are presented in a range instead of precise values (Gnansounou et 
Estimation of GHG savings and energy balances of biofuels
Biofuels are often classified as first, second, and third generation biofuels ( Table 1) . First-generation biofuels utilize food crops as feedstock for biofuel production, while second-generation biofuels utilize non-food biomass. Third-generation biofuels use algae and microbes as fuel source materials (Singh et al., 2012) . Various LCA based biofuel studies that have estimated the GHG emission savings and energy balances are grouped in Table 2 . Following is the detail of GHG savings and energy balances of most prominent biofuel systems, relative to conventional fossil fuels.
Biofuels

First generation biofuels Second generation biofuels Third generation biofuels
Features Fuels produced from raw materials in competition with food and feed industry Fuels produced from non-food crops (energy crops) or raw materials based on waste residues Fuels produced using aquatic microorganisms like algae
Examples
Bioethanol from sugarcane, sugar beet and starch (corn and wheat), biodiesel from oil based crop like rape seed, sunflower, soybean, palm oil, and waste edible oils-and starch-derived biogas
Biogas from waste and residues, bioethanol and biohydrogen from lignocellulosic materials like residues from agriculture, forestry and industry and fuels from energy crops such as sorghum 
Bioethanol
Bioethanol is one of the most widely used biofuels in the world. Globally, bioethanol production grew from 17,000 to 65 . Although bioethanol has a lower energy content than conventional gasoline, but its high-octane value results in higher compression ratios and efficient thermodynamic operation in internal-combustion engines (Nguyen et al., 2007) . Energy balance investigation of bioethanol from sugarcane in Mexico showed an energy ratio of 4.8 GJEthanol/ GJFossil. However, this value was lower in comparison with the Brazilian sugarcane-ethanol energy ratio of 8.4 GJEthanol/ GJFossil (Gracia et al., 2011). Sugarcane-bioethanol system has high yields of net energy and net potential of reducing GHG emissions than gasoline, as no energy is required to depolymerize carbohydrate into fermentable sugars (Macedo, 1998; Liska and Cassman, 2008) . In a comparative study, Koga Gonzalez-Gracia et al. (2010) showed a slight decrease in GHG emissions when shifting from clean gasoline to E10 blends of ethanol regardless of the feedstock type, e.g., alfalfa leaves, Ethiopian mustard, poplar, flax fibres and linseed, hemp fibres and dust. The use of E85 blends seems to be more advantageous than E10 in terms of GHG emission savings. Moreover, Gonzalez-Gracia et al. (2010) suggested that up to 88% of total GHG emission savings can be achieved with lignocellulosic sources such as alfalfa stems. Increased GHG emission savings with high blend of ethanol such as E85 and E100 is because of increased CO2 sequestration during crop cultivation. However, improving the production of crops requires higher use of fertilizer, which in return causes increased emissions of N2O.
GHG savings for bioethanol varies according to the choice of system boundary. Some studies used WtT analysis (Elsayed et al., 2003) , while others have considered well to wheel (WtW) analysis (Gnansounou and Dauriat, 2004; Edwards et al., 2007) . For instance, WtW analysis is used for calculating complete GHG emission savings of biofuel to a reference system. However, engine performance results for biofuels compared with conventional fuels may influence the final outcomes. Gracia et al. (2011) in their WtT analysis, compared the GHG emission savings of Mexican sugarcane-bioethanol system with a reference fossil fuel. The land-use changes reverted the scenario, especially when the rainforest was converted to sugarcane crop. The conversion of maize-biomass into electrical and thermal energy saved (6.3±0.56) Mg CO2 eq ha -1 on average, whereas Miscanthus chips saved (22.3±0.13) Mg CO2 eq ha -1 yr -1 (Felten et al., 2013) . A cross comparison of GHG savings and energy balances of bioethanol studies is presented in Table 3 .
Biodiesel
Various edible and non-edible crops such as soybean (Balan et biofuels pathways has led to promising results (Christi, 2007; Campbell, 2008) . However, these pathways are not yet at a commercial scale due to higher production cost and challenges in process and conversion technologies compared with the first generation biodiesel (Khan et al., 2009 ). Chemical and biological catalysts such as alkali and acidic compounds and lipase are often used in biodiesel production (Kim et al., 2007) . Biodiesel production from soybean comprises soybean production, its transportation to the processing facility, separation of oil and meal and conversion into biodiesel through transesterification process, and finally the distribution of biodiesel (Sheehan et al., 1998) . Usually, a multistage stage transesterification process is required to convert crop-oil into biodiesel that can be used in conventional diesel engines. In 2014, global production of biodiesel (most of which as FAME) reached up to 30 billion litres with a maximum share from the USA (16%), followed by Brazil and Germany (both with 11%), Indonesia (10%), and Argentina (9.7%). Europe accounted for 39% of global biodiesel production in 2014 (REN21, 2009). Global biodiesel production is expected to reach up to 39 billion litres by 2024 (OECD-FAO,  2015) .
The NER and fossil energy ratio (FER) of biodiesel from soybean were reported higher than those of the corn grain-bioethanol system, while, it was reported to have a 23% smaller net energy yield (NEY) (Hill et al., 2006) . This means that soybean-biodiesel requires more land area to yield the same amount of NEY compared with corn grain-bioethanol ( 2013) observed a high energy gain for biodiesel from microalgae. However, due to expensive commercial-scale facilities and climate sensitivity of microalgae, the production of microalgae for microalgae-biodiesel is still in the developmental phase. More interesting results were achieved in a study by Zhang et al. (2013) who reported higher energy gain of biodiesel from wastewater sludge while they could also resolve the energy consumption and waste sludge disposal problems.
Leguminous crops such as soybean require less nitrogen fertilizer during crop production, thus have a high potential for GHG emission savings. The cultivation of rapeseed for biodiesel led to GHG emission savings of 3.2±0.38 Mg CO2 eq. ha 2007) explained that if rainforest and peat forest are converted into crop land for palm oil production, the results of GHG emission savings will revert to negative value ranging from 800 to 2000%, respectively. A WtW analysis showed 1.1 kg CO2 eq. for a 1 km travelling distance with a reference fossil fuel while rapeseed-biodiesel led to 0.48 kg CO2 eq. for a similar distance with a total GHG emission saving of 56% (Finco et al., 2012) . However, the study did not include land-use changes that can further reduce GHG emission savings. A study conducted by Finco et al. (2012) for rapeseed-biodiesel showed that agriculture phase was the major contributor to GHG emission (68%) followed by transesterification process (18%) and solvent extraction (8%). Pehnelt and Vietze (2013) also analysed various similar scenarios. They indicated that the GHG emission savings from palm oil-biodiesel ranged from 37.1 to 85%. The GHG savings and energy balances of biodiesel obtained from different sources are shown in 
Pure plant oil (PPO)
Similar to biodiesel, pure plant oil (PPO) is also derived from lipids. Primary process steps such as feedstock production and oil extraction are also similar to those of biodiesel production. However, final production of PPO and its purification procedures are additional steps. Although the name of PPO refers to original vegetable-oil, but it also includes waste oil and oil from animal fats. PPO can be used in diesel engines, but due to its relatively high viscosity (12 times higher than fossil diesel) (WWI, 2006) and combustion properties (Paul and Kemnitz, 2006) , engines should be modified and refitted. For PPO, no study has been conducted so far in order to investigate the energy balance and GHG emission savings. The energy consumed for transesterification of biodiesel can be saved in case of PPO while the absence of co-products as is the case for biodiesel, i.e., glycerol, can further save GHG emissions (Dreier and . The FischerTropsch (F-T) thermochemical synthesis can utilize a wide range of biomass sources to produce liquid biofuels. F-T synthesis using biomass has been successfully examined at pilot-plant scale and further development for biofuels of high quality is underway (Huber et al., 2006) . One such F-T facility is located in Germany (Ledford, 2006) . A full life cycle study conducted by Jungbluth et al. (2008) , concluded that BtL biofuels from agricultural biomass, particularly short rotation crop did not show a significant reduction in GHG emissions and did not produce sufficient energy, while biomass used from forestry could increase both GHG emission savings and energy balance.
Biomass to liquid (BtL) biofuels
Bensaid et al. (2012) conducted a study on converting biomass wastes into valuable liquid biofuel by choosing a direct liquefaction technology. They reported process power consumption of 0.258 kWh/kg oil corresponding to an output/input energy ratio of 35.8. Moreover, they manage to achieve an output/input energy ratio of 9.7, even without power generation. Oil recovered by thermochemical liquefaction from microalgae such as Botryococcus braunii showed 1.6 times more heating value (HHV) (45.9 MJ kg yr -1 ) than coal (28 MJ kg yr -1 ) along with a high energy balance (Sawayama et al., 1999) . They also reported high energy balance for liquefaction of sewage as no net energy is used for sewage production. Similarly, Nzihou et al. (2012) concluded that significant benefits in energy and GHG balances could be gained by using solar energy as external heating source for the standard gasification process.
Agrawal et al. (2009) proposed an innovative way of producing biofuels by combining biomass and hydrogen from a carbon-free energy source. The produced biofuels had three times more yield per unit mass of biomass in comparison with the conventional gasification F-T process. The energy contents of the biomass and hydrogen fed into the conversion plant were higher for the hybrid hydrogen-carbon process. It should be noted that hydrogen-cars are one of the examples that can achieve the carbon efficiency of nearly 100% in comparison with 37% for the conventional process. Moreover, the use of second generation biofuels can result in a greater CO2 reduction per biomass unit used (Martinsen et al., 2010) . Therefore, changes in biomass source can further improve the potential of GHG emission savings. On the contrary, Monti et al. (2009) found 50 to 60% less impact on GHG emission savings by changing conventional crops to more efficient energy crops.
Life cycle study of BtL biofuels carried out by van Vliet et al. (2009) concluded that GHG emissions from F-T process depend on the efficiency of conversion plants, biomass intermediates, and the use of feedstock. Coal-to-liquid chains without carbon capture and storage were reported to increase transportation-related GHG emissions. While, gas-to-liquid with carbon capture and storage was found to reduce GHG emissions by around 5% in comparison with fossil diesel. Moreover, the net emissions from BtL can be smaller and negative through the application of carbon capture and storage. Therefore, a net climate neutral biofuel can be made by using around 50% BtL with carbon capture and storage and blending it with other fuels. For instance, if biomass gasification and carbon sequestration are operated at industrial scale, and the feedstock is obtained in a sustainable way, the resultant biofuel will be climate neutral. GHG savings and energy balances of BtL biofuels are shown is Table 5 .
Biomethane
A range of feedstocks such as organic fraction of municipal solid waste (OFMSW), sludge, slaughterhouse waste, biofuel residues, industrial, agricultural and forestry residues, and energy crops can be used in anaerobic digestion (AD) (Prasad et upgraded to enriched biomethane (up to 97% CH4) that can be blended with or used as an alternative fuel in natural gas vehicles or as a source of thermal energy (Murphy et al., 2013) . For efficient distribution of produced biomethane, the existing network of natural gas grid can be utilized with endapplications of electricity, thermal, and transportation energy generation (Korres et al., 2010) . The biomethane generated from grass or grass silage is considered sustainable biofuel by the EU Renewable Energy Directive (ECDirective, 2009). However, to make grass-biomethane commercially available, an efficient vehicle and carbon sequestration with up to 60% GHG emission savings is required (Singh et al., 2011) .
Dressler et al. (2012) reported a low net energy demand of -0.274 to 0.175 kWh/kWhel at Celle region of Germany because of using combined heat and power (CHP) unit in the region. Thyø and Wenzel (2007) concluded that biogas produced from manure has high fossil fuel savings in comparison with conventional manure storage and manure soil application. The GHG emissions correlated with the cultivation of energy maize ranged from 45.4 to 57.7 kg CO2 eq. t -1 of fresh maize. While, GHG emissions range from 0.179 to 0.058 kg CO2 eq. kWhe -1 , when biogas was produced and used from maize (Dressler et al., 2012) . They showed more efficiency in term of GHG emission savings in comparison with the study by Vogt (2008a) , because part of the mineral fertilizers was substituted by digester output (i.e. digestate). However, the choice of fermenter was not considered by Dressler et al. Table 6 .
Biohydrogen
Biohydrogen is a promising candidate for future energy supplies due to being renewable in nature with no GHG emissions during combustion, as well as easy conversion into electricity through fuel cells (Hallenbeck and Benemann, 2002) . It has the largest energy contents per weight in comparison with other fuels. It can be produced by different techniques such as water splitting, coal gasification, and natural gas reforming (Levin et al., 2004) . However, these methods for biohydrogen production need high energy inputs using non-renewable resources (Levin et al., 2004) . Biological production of hydrogen using bioelectrochemical systems such as microbial electrolysis cells (MEC) can solve this problem by using microorganisms for converting biomass into hydrogen gas (H2) (Das and Veziroglu, 2001; Hallenbeck and Benemann, 2002) . Although biohydrogen production rates in MECs are still not high enough, more research is underway to optimize the performance of MECs (Zhu and Beland, 2006) . Moreover, Rathore and Singh (2013) discussed in detail the potential role of microalgae for biohydrogen production.
Cheng and Logan (2007) conducted a study on exoelectrogenic bacteria in specially designed reactors to produce H2 from biodegradable organic matters through the electrohydrogenesis process. They observed the overall energy efficiency of 288% for the process that was based on the electricity applied. While, an efficiency of 82% was achieved, when the combustion heat of acetic acid was included in the energy balance, at a biohydrogen production rate of 1.1 m 3 d -1 per each cubic meter of the reactor. A high yield of biohydrogen was also observed by using glucose, several volatile acids such as acetic, butyric, lactic, propionic, and valeric, and cellulose at maximum stoichiometric yields of 54-91%. The achieved energy efficiencies ranged from 64 to 82%. Djomo and Blumberga (2011) reported 1.08, 1.14, and 1.17 energy ratios for wheat straw, sweet sorghum stalk, and steam potato peels, respectively, without considering the co-products such as protein residues. The energy efficiency was further enhanced by 23-128%, when the co-products were taken into account.
Biohydrogen is considered a clean fuel if does not produce CO2 during combustion. By using biohydrogen instead of natural gas, heavy fuel oil, and coal to produce electricity, 33, 39.5, and 39% CO2 emissions could be avoided, respectively (Ranagnoli et al., 2011). Djomo and Blumberga (2011) reported 55.53, 54.30, and 51.84% GHG emission savings when steam potato peels, sweet sorghum stalk, and wheat strew were used for biohydrogen production, respectively. However, a negative value (3.93%) was observed for biohydrogen from steam methane. Several other examples for biohydrogen production with their respective GHG savings and energy balances are presented in Table 7 .
Challenges and perspectives in GHG savings and energy balances of biofuels
The environmental performance of biofuels based on their GHG savings and energy balances depend on a wide range of factors such as feedstock types, conversion technologies, issues related to land-use and land-use changes along with substituted products like electricity, transportation fuel, and animal feed (Menichetti and Otto, 2009 ). The distribution of impacts for estimating GHG savings and energy balances vary from study to study ( Table  3) . As long as the GHG emissions are concerned, agricultural activities share a major role due to release of nitrogen gases (i.e., N2O, NOx) and SOx with the use of fertilizers. Moreover, they are also responsible for acidification and eutrophication. The treatment of co-products and the allocation of impacts for co-products also change the LCA results significantly (Box 1).
Energy estimations are influenced significantly by technology conversion pathways as well. Moreover, the type of energy input in the form of heat and power from coal, natural gas, petroleum or bagasse, and energy quantity change the results of LCA studies (Wang et al., 2007) . For example, when coal is used as a fuel in the corn-ethanol system, the GHG emissions are three times higher than gasoline. However, by using biomass feedstock like wood chips as an energy source, the GHG emission savings were surpassed by 50%. Besides agricultural activities, the fate of co-products, allocation of impacts, life cycle inventory databases and life cycle impact assessment methods could result in different LCA outcomes (Box 1). Assumptions on vehicle performance and biofuel transportation distance could also influence the LCA results (Menichetti and Otto, 2009 ).
Based on the results of a survey, Kim and Dale (2009) presented regional differences in GHG emissions from corn-ethanol and soybean oil production in 40 different counties in the USA. They observed that with the selection of feedstock material for biofuel production, the fertilizer requirement changes, which is another major source of GHG emissions. Dressler et al. (2012) also observed local and regional variations in GHG emissions at three different districts of Germany. They reported 50-56% GHG emissions from the cultivation stage with a minimum emission at the district of Gottingen, because of lower demand of fertilizers, pesticides, and fuel. According to Kim and Dale (2009) , N2O emissions from the soil and nitrogen fertilizers during energy crops cultivation resulted in the highest GHG emissions, accounting for 13 to 57% of all GHG emissions.
Brazil and Indonesia showed a large percentage of GHG emissions from land-use changes that account for 61% of the world CO2 emissions originated from land-use changes (Le Quéré et al., 2009 ). This means, a biofuel crop with higher-energy productivity may have less land-use change emissions per MJ than a less productive biofuel crop, even from the same field. Therefore, it is possible that a productive biofuel crop can be combined with the optimum management techniques to achieve the EU's target of 35% minimum GHG emission savings for biofuels (Lange, 2010) .
The assumptions and data used in most of the LCA based studies on biofuels are taken from the Europe and the USA based technology pathways. Therefore, there is a strong need to focus on the Asian and South American countries as well (Box 2). This will increase the representativeness of LCA studies around the globe, including the developing countries. The non-GHG environmental impact factors, including acidification, eutrophication, human health, and toxicity should be considered in future LCA studies. LCA results should be extended to the local and regional needs and conditions by considering other environmental assessment methods. Moreover, LCA results should also take direct land-use change impacts into consideration (Box 2).
It is worth quoting that LCA studies do not assess the large-scale development of any technology or product, therefore, the other assessment tools such as agro-economic market models should also be used (Box 1). Moreover, there is a strong need to reach national and international consensus on the use and execution of biofuels-related LCAs by considering the GHG emission savings goals. This will lead to a set of approaches and assumptions on significant indicators such as technology status, land-use carbon stock, N2O emissions, and impact allocation for co-products (Menichetti and Otto, 2009).
Conclusion
 A wide range of results in terms of net energy balances and net GHG emission savings has been obtained from various biofuel production systems and their biomass sources.  The net GHG emission savings were expressed in terms of CO2 equivalent in almost all of the presented cases. The agricultural activities, selection of feedstock, and treatment of co-products and the allocation of impacts for co-products are the major contributors to GHG emissions.  For biomethane, bioethanol, and biodiesel production systems, the choice of reactor is one of the main parameters leading to significant variations in GHG emission savings.  Land-use and land-use changes may sometimes result in an overestimation of a biofuel efficiency. Environmental and social sustainability of biofuels production are the key factors for the development of biofuel support policies.  Higher GHG emission savings and energy balances with biofuels can be achieved, when biomass yields are high, particularly when ecologically sustainable biomass or non-food biomass are converted into biofuel and used efficiently.  LCA studies are being carried out continuously, but their number is still small in comparison with other processes.  Most of the LCA based studies were carried out by following the US or European conditions and adopting their agriculture processes and conversion technologies.  Most common LCA based studies have referred to the firstgeneration biofuels, while a few studies investigated the secondgeneration biofuels.  Most of the researchers have considered the traditional feedstock such as rapeseed wheat, sugar corn, corn, etc. for LCA studies.
However, a few have tried to assess the LCA of recent biofuel crops such as sweet sorghum and Jatropha.  In most of the LCA based studies, emphasis has been placed on the energy consumption either only from non-renewable sources or total energy sources. However, a few studies included all the other potential impacts of the process such as eutrophication, acidification, toxicity potential, and ozone depletion. Moreover, water impacts have been included in very limited number of studies.  There is no LCA based study accounting the impacts on biodiversity. The methods for development of biodiversity indicators are still under discussion.  Impacts on direct land -use and land-use changes due to crop production have less been studied. Limited studies described alternative land-use as reference system and calculated the carbon stock. Moreover, potential impacts on land due to its indirect use for high bioenergy production demand are not measured.  The complexity level of LCA studies is quite high due to variable nature of assumption and hypothesis, emission factor, yield, heating value, and other background methodological choices. However, limited studies included a quality data review required for LCA in accordance with ISO standards.  Variations have been observed in managing the co-products, and impact allocation methods.  Social issues are sometime ignored during the LCA process. This shows that the pure focus is on the environment aspects of the LCA process.  Different databases are used for LCA studies. However, old databases have been used more frequently, which could affect the results quality regardless of the quality of primary data collection.
 The future biofuel systems have to satisfy all aspects of environmental, economica, and social factors, especially the impacts on biodiversity, water resources, human health, and toxicity, and food security.  The assumptions and data used in LCA based studies on biofuels should be based on regions rather than European and North American conditions as well, such as like Brazil, China, and Southeast Asia.  More research and development is required to commercialize the second-generation biofuels that are made from non-food biomass sources to solve the food, feed, and fibre production issues. There is a possibility that such LCA studies will be based on uncertainties, as there is no such biofuel system commercially established yet. Therefore, uncertainties and parameter sensitivities should be handled carefully. arametric type LCA will be useful tool in this regard.  The future LCA studies need to consider the integrated multifuel and multi-product systems like biorefineries.  There is also a need to properly define the system boundaries in connection with land-use and land-use change.  The GHG emission savings can be increased for a biofuel based on increased carbon sequestration when using perennial grasses established in set-aside and annual crop land.  LCA findings of biofuels from dedicated crops should be expressed in per hectare basis.  LCA results of biofuels from biomass residues should be expressed in per unit output basis.  For transportation biofuels, the LCA results should be expressed in per km basis.  There is a need to solve the issues related to liquid biofuels that require more fossil-based energy than the generation of heat and electricity from biomass.  The emphasis should be given to the residues and organic wastes that can be employed for biofuels production since they have been shown to lead to maximum GHG emission savings due to direct reduction of emissions related to waste disposal.  High GHG emission savings and energy balances can be achieved if agricultural co-products and process residues are used for biofuel production. However, the effect of residues removal from the soil and the GHG implications should also be considered.  Higher GHG emission savings can be achieved if biomass is utilized in making value-added products.
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